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赖性，将细胞周期阻滞在 G0/G1 期。同时研究发现，苦参碱可诱导 Fas、Fas-L
表达上调，Bid、Bcl-2 表达下调，Bax 表达上调和 Caspase 通路激活，这些结果
表明苦参碱在体外是依赖于多条凋亡通路来诱导人肝癌细胞发生凋亡。苦参碱还
能引起线粒体膜电位崩溃，ROS 活性增高，核 Bid 转位到细胞质，部分 Bid 还可
以转位到线粒体，AIF 从线粒体转位至细胞核。但不论是苦参碱诱导 ROS 的产
生受抑制，还是 Bid/AIF 的表达受抑制，都可阻止苦参碱诱导的细胞凋亡。同时，
Tiron 抑制 ROS 产生后，还可阻止由苦参碱诱导的 AIF 核转位作用。此外，采用
Bid 抑制剂 BI-6C9 和 siRNA 静默技术下调 Bid 蛋白表达，都可阻止 AIF 由线粒
体转位至核内，提示苦参碱可通过 Bid 调控 AIF 入核诱导人肝癌 HepG2 细胞凋
亡。最后，建立裸鼠皮下成瘤模型，证实有效剂量的苦参碱可以在裸鼠体内抑制





















Hepatocellular carcinoma (HCC) is one of the common malignant tumors, and it 
is a serious threat to human health. However, it has not been effectively treated so far 
because of its biological characteristics. Matrine is one of the main alkaloid 
components extracted from the Sophora root, with a molecular formula of 
C15H24N2O. Matrine has been widely used in China, because of it has a wide range 
of pharmacological effects, such as anti-inflammatory, antiviral, immunoinhibitory, 
antifibrotic, analgesic, antiarrhythmic and anti-diarrhea effects. Recently, interest has 
been reported that matrine exerts has antitumor effects by inhibiting proliferation and 
inducing apoptosis of gastric and cervical cancer cells, leukemia and glioma cells. 
However, the precise mechanism underlying the anticancer activity of matrine 
remains unclear. 
Human hepatoma G2 cell line and the model of human hepatocellular carcinoma 
xenograft in nude mice were studied. In order to explore the antitumor activity and 
its molecular mechanism in hepatocellular carcinoma cells, MTT assay, PI staining, 
flow cytometry were used to evaluate the anti-proliferation, cell cycle regulation, and 
inducing apoptosis effects of matrine. To clarify the possible molecular mechanism 
of apoptosis induced by matrine, we employed western blotting, immunostaining, 
immunohistochemistry and other methods. The results showed that matrine could 
significantly inhibit the proliferation and induce apoptosis of Human hepatoma G2 
cell line in a time- and dose-dependent manner, and the cell cycle of HepG2 was 
arrested in G0/G1 phase. The proteins levels were detected using western blot, and 
the results show that Fas and Fas-L were up-regulated, Bid and Bcl-2 were 
down-regulated, while the protein level of Bax was up-regulated and stimulated 
caspase activation. The results show that matrine-induced apoptosis in HepG2 
through various signaling pathway. Apoptosis of HepG2 cells induced by matrine 
was associated with increase of ROS activity, collapse of mitochondrial membrane 
potential, nuclear Bid translocated to cytoplasm or mitochondria, AIF translocted 
from mitochondria to the nucleus. Amelioration of matrine-stimulated ROS 
production or suppression of Bid/AIF expression blocked matrine-induced apoptosis 
in HepG2 cells. ROS scavenger Tiron prevent AIF nuclear translocation induced by 















gene silencing of Bid both significantly prevented mitochondrial AIF to the nucleus. 
The data suggested that matrine induced cell apoptosis through Bid-induced release 
of AIF from mitochondria to nucleus. Moreover, matrine could suppress the tumor 
growth in xenograft nude mice injected wih human hepatoma G2 cells significantly. 
In the tumor tissues, the expression of Bid was down-regulated and AIF translocated 
from the mitochondria to nuleus. 
Our study provides mechanisms of matrine on the viabilities and apoptosis of 
human hepatoma G2 cells, which may lead to its possible development into an 
effective drug targeting Bid/AIF on hepatocellular carcinoma therapy, indicating that 
matrine can be used as a potentially promising agent in treatment of cancer. 
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英文简称 英文全称 中文全称 
AIF Apoptosis-Inducing Factor 凋亡诱导因子 
Apaf-1 
Apoptosis Protease Activating 
Factor-1 
凋亡相关因子 1 
BSA Bovine serum Albumin  牛血清白蛋白 
Cyto-c Cytochrome c 细胞色素 c 
DMSO Dimethyl Sulfoxide  二甲亚砜 
DCFH Dihydroethidium 二氢乙啶 
FBS Fetal Bovine Serum 胎牛血清 
FITC Fluorescein Isothiacyanate 异硫氰酸荧光素 
PCD Programmed Cell Death 程序性死亡 
PARP Poly ADP-Ribose Polymerase 多聚 ADP 核糖聚合酶 
PBS Phosphate Buffered Saline  磷酸盐缓冲液 
PI Propidine Iodide 碘化丙啶 
SDS Sodium Lauryl sulfate  十二烷基硫酸钠 
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   苦参碱（Matrine，MA）是豆科植物苦参苦豆子、广豆根等中草药的活性成
分，是苦参碱类生物碱的代表，苦参碱在 1985 年首次被分离和确认，分子式为
C15H24N2O（化学结构式如图 1）。苦参碱属于四环的噻嗪啶，分子骨架为 2 个
噻嗪啶的杂体[17]。 
 
图 1 苦参碱的化学结构 





















和 PCNA、AFP 等有关。 
许多实验性研究结果证明苦参碱对肿瘤细胞的增殖活性有抑制作用：小剂
量的苦参碱（0. 1～0. 5 mg/mL）作用人白血病细胞系 K562 一段时间后发现细胞
的增殖明显受到抑制，部分细胞出现葡萄样聚集，少数细胞膨出小泡。用流式







癌特异性 GGT）表达量降低[21]。HL-60 细胞经苦参碱处理后被阻滞在 G1 期，
进而导致增殖减慢，趋向分化，可能是苦参碱通过下调 HL-60 的 C-myc 基因表
达造成的[22]。 
1.1.2 苦参碱诱导肿瘤细胞凋亡 






凋亡，并伴有 Caspase-3 的活化[23]。苦参碱也能够诱导白血病 U937 细胞的凋
亡，伴随 Caspase-3，7，9 的活化，及 Cytochrome c 从线粒体的释放，但 MAPK 
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